In this work, we report the effect of sintering temperature (900˚C, 1000˚C, 1100˚C and 1200˚C) on the electrical and magnetotransport properties of polycrystalline La 0.67 Sr 0.33 MnO 3 (LSMO). Single phase of LSMO hexagonal structure (R-3c) accompanied with minor phases was successfully synthesized by co-precipitation method. With increasing sintering temperature, grain growth was promoted and grain connectivity was improved. It was found that an enhancement of resistivity on smaller grain size was due to larger grain surface over volume (grain boundaries effect). The shifting of the metal-insulator transition (T MI ) to higher temperature was also responsible for observed changes in physical properties. T MI of 900˚C, 1000˚C and 1100˚C were 232 K, 278 K and 298 K respectively however 1200˚C was out of measurement range (higher than 300 K). In summary, CP900 with smaller grain size distribution (~200 nm) displayed the highest resistivity and MR% of -19.2% (at 80 K, 10 kG).
INTRODUCTION
Lanthanum-strontium manganites (LSMO) have generated a considerable interest due to their extensive potential applications in magnetic sensing field. Thus, the studies of enhancement of colossal magnetoresistance (CMR) effect in structure and microstructure controlling through different synthesis methods and sintering routes have been motivated. Wet chemical reactions produce nano-size grain distribution at lower synthesis temperature are introduced, e.g. sol-gel, coprecipitation, and micro-emulsion [1, 2] . It was known that variation in grain size with sintering temperature has a direct consequence on their properties. A substantial decrease in T MI and increase in resistivity were found on lowering the sintering temperature in LSMO [3] , LCMO [4] , and LTMO [5] etc. The difference of grain size caused some changes in structural and magnetic properties which indicate the importance of grain surface effects [5, 6] . Hence, the influence of grain distribution and existence of minor phases toward electrical behavior of LSMO which synthesized using co-precipitation technique had been studied.
METHOD
Bulk polycrystalline La 0.67 Sr 0.33 MnO 3 (LSMO) samples were fabricated according to the coprecipitation method as follow: stoichiometric proportion of lanthanum (III) acetate (La (CH 3 COO) 3 1.5H 2 O, strontium acetate hemihydrate (Sr(CH 3 COO) 2 ), and manganese (II) acetate tetrahydrate (Mn(CH 3 COO) 2 ) were dissolved in acetic acid. After that, propa-2-nol and oxalic acid were added to form an aqueous solution which contains two or more metal ions. The precipitate was formed during the chemical reaction and the temperature was maintained around 0˚C-10˚C. The precipitate powders were dried at 80˚C over night and calcined at 600˚C for 6 hours. Subsequently, the obtained powders were reground and pressed into pellets before sintered at 900˚C (CP900), 1000˚C (CP1000), 1100˚C (CP1100) and1200˚C (CP1200) for 24 hours. Crystalline behavior was investigated using X-ray diffraction (Philips PW 300/60 Xpert Pro) and surface morphology was observed by scanning electron microscope (LEO 1455VPSEM). The electrical properties were determined via Hall measurement system (Lake Shore 7600 Series). 
RESULTS and DISCUSSIONS
XRD spectra of La 0.67 Sr 0.33 MnO 3 (LSMO) sample at different sintering temperature are shown in Figure 1 . All samples show LSMO phase in hexagonal structure (R-3c) (ICSD code: 98-010-7027) accompanied with a small portion of magnetite phases. Manganese (III) oxide (Mn 2 O 3 ) was detected at 900°C however Manganese (II, III) oxide (Mn 3 O 4 ) was observed at higher sintering temperature (1000°C till 1200°C). The phase percentage and Rietveld refinement data were tabulated in Table 1 . It can be seen that the percentage of minor phases increased with sintering temperature. The refinement results of bond distance, bond angle, and volume are almost similar for all samples despite existence of minor phase. On the other hand, the crystallite size of all samples was estimated using Scherrer's formula. Significant increment of crystallite size with ascending of sintering temperature is observed, which are 52 nm (CP900), 90 nm (CP1000), 221 nm (CP1100) and 338 nm (CP1200) respectively. The narrower peaks give rise to larger crystallite size. The average grain sizes increase with the sintering temperature, which are ~0.20 µm (CP900), ~0.23 µm (CP1000), ~0.58 µm (CP1100) and~1.12 µm (CP1200) respectively. Variation of sintering temperature has important consequences for the grain growth. Smaller grain sizes were formed at lower sintering temperature (900°C and 1000°C) contributes higher effective grain boundaries (larger surface area over volume). For higher sintering temperature, a drastic increment of grain size and densification were promoted as seen in Figure 2 (c) and (d). Inhomogeneous melted-like grains with high porosity were well connected and indistinguishable grain boundaries were noticeable. Stronger diffusion occurred at 1200˚C showed microstructure densification and layer structure formations which enhanced the grain connectivity. In short, physical properties, such as pores, grain or grain boundaries are strongly dependent on sintering temperature. The plot of resistivity as a function of temperature from 80 K to300 K under 0 kG and 10 kG is shown in Figure 3 . The resistivity is suppressed and T MI is enhanced with the increase of sintering temperature. CP900 shows relatively higher resistivity among all samples, followed by CP1000, CP1100 and CP1200. Resistivity is higher for lower sintering temperature is considered as the presence of tunnel-like barriers at the disordered interfacial region (grain surface) which results a breakdown of double exchange (DE) interaction. A great amount of defects at the grain boundaries act as strong scattering center for the spin polarized conduction hence the resistivity is increased. The existing of other phases (Mn 2 O 3 & Mn 3 O 4 ) influences the magnetic ordering and suppresses DE interaction. Therefore, T MI shift to lower temperature (232K) for CP900 and higher resistivity (5.05Ω.mm) were shown. On the other hand, the melted liked form is suspected as one of the factor which would provide a smooth electron transportation to improve electron carries. Consequently, CP1200 shows the lowest resistivity and highest T MI which is more than 300 K (out of this measurement range). When external magnetic field is applied, the t 2g localized spins in Mn ion are aligned parallel with each other thus enhanced the DE hopping and caused the suppression of resistivity. The magnetoresistivity (MR) effect which is expressed as MR%= [R(H)-R(0)/R(0)]× 100, where R(0) and R(H) is the resistivity at zero magnetic field and resistivity in an applied external magnetic field respectively. Smallest grain size and lesser minor phases obtained in CP1900 shows the highest %MR value (19.2%) at 10 kG, followed by CP1000 (18%), CP1100 (13.75%) and CP1200 (15.6%) respectively. Mn 2 O 3 (paramagnetic) [6] and Mn 3 O 4 (ferromagnetic) [7] elements suppress the %MR effect by forming an antiparrallel layer outside the LSMO grain. These layers influences or weaken the overall magnetic ordering and suppress DE mechanism. Besides, the variation of grain structure formation at different sintering temperature will also affect resistivity overall. Hence, existing of minor phases and different grain structure will alter the magnetotransport properties of the sample.
SUMMARY
La 0.67 Sr 0.33 MnO 3 had been fabricated successfully via co-precipitate methods. The effect of sintering temperature on microstructure, electrical and magnetotransport properties was discussed. LSMO phase in hexagonal crystal structure (R-3c space group) accompany with minor phase was obtained. The grain size increases with sintering temperature and grain growth is promoting at higher sintering temperature. Existing of Mn 2 O 3 minor phase and smaller grainsize distribution Advanced Materials Research Vol. 895 321
